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LIST OF ABBREVIATIONS
Abbreviation

Term

2,4-D

2,4-dichlorophenoxyacetic acid

NAA

alpha-naphthaleneacetic acid

IAA

indoleacetic acid

IBA

indolebutyric acid

ppm

parts per million
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INTRODUCTION
THE PROBLEM
The application of herbicides to both aquatic and terrestrial
environments is increasi_ng at a very rapid rate (12).

In the Weed

Control Handbook (Blackwell 1960), 71 herbicides are named.

Yet

today, approximately 3/4 of all wee� control is accomplished by
2,4-D, simazine (similar in action to atrazine) and diuron (1).
This application is even more pronounced in predominately _agricul
tural areas such as eastern South Dakota.

Both 2,4-D and atrazine

are used extensively for weed control in _agriculture, and it is n·ot
bei_ng presumptuous to assume that they are findi_ng their way into our
laKes and streams.
It is the purpose of this paper to determine what the effects
of these two herbicides are on the_ growth rate of a mixed culture of
algae which is . composed predominately of one blue_-green species.
By determini_ng the effects in the laboratory, it may be possible to
relate this information to natural environmental conditions.

PREVIOUS RESEARCH
A mixed culture of algae was selected for this research in
order to approximate natural conditions as much as possible.

The

two herbicides were chosen because they are used extensively, and
at least one of them (2, 4-D) is becomi_ng a common pollutant ( 3)
(12).

Workers, such as Janke and.Weij, have known since the early

1930's that �lgae produce such auxin and auxin-like compounds as

2

NAA,IAA and IBA (1).

It has also been pointed out that these ·

substances can affect growth in many ways when applied exogenously
(10) (16).

However, none of the studies have involved the common

blue_-greens found in this area, nor has the compound 2, 4-D been
identified as one of the auxins bei_ng produced by the a_lgae.

No

less than 17 metabolic inhibitors and 19 antibiotics which inhibit
�lgae are known, yet only a very few are known to affect some of
the forms of �lgae present in this research, and none

0£

these

involve 2,4-D or atrazine (10).
PROPERTIES OF THE HERBICIDES
A.

ATRAZINE

AtI'a.zine is only one of a J..a_rgt:::_ group oi- compounds known as
the triazines.

The first member of this_ group, simazine, was

produced in 1885 by Hoffman (1).

The triazines are quite similar

in their chemical properties and have essentially the same
biol_ogical actions (16).

The active i_ngredient in atrazine is

2-chloro-4-ethylamino-6-isopropylamino-s-triazine.
formula is shown below.

The structural
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Atrazine is a non-selective compound which kills both annual
grasses and broadleaf plants.

However, corn ( Zea mays L. ) is one

exception which is unusually resistant ( 16).

Registered use of

atrazine is as follows:
Registered for pre and post emergence use in corn;
for early post emergence use in sorghum; for corn
pre plant treatments for quackgrass control; for
non-selective industrial we�d control on non-crop
land; for chemical fallow treatments following
wheat harvest in a wheat-sorghum-fallow cropping
sequence (7).
B.

2,4-D

The 2,4-D is an auxin-type herbicide, which was discovered
in the early 1940's but because of World War 11, was not made public
until 1945.

The compound 2,4-D is a typical auxin in its action

for in very low concentrations it promotes growth, but in high
concentrations it acts as a growth inhibitor ( 16).
to 2,4-D varies with species.

Sensitivity

Plants such as cucumbers ( Cucumis

sativus) are highly sensitive ( 2) to 2,4-D and can be use in
bioassay determinations.

Growth in the cucumber will be promoted

by a concentration of 0.001 ppm and will be inhibited by concen
trations of 0. 01 to 0. 1 ppm ( 11).
The active ingredient is 2,4-dichlorophenoxyacetic acid;
its structural formula is shown below.

I
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The registered use of 2,4-D is as follows:
Registered for use in asparagus (preemergence),
blueberries (dormant), corn (field, sweet, pop),
cranberries, flax, grains, (underseed to legumes),
grapes (dormant), ·grass (haycrop, rangelands,
pastures) orchar�s, potatoes (preemirgence),
flax, rice, sorghum,
sugar cane and ·aquatic
.
weed control ( 7).
MODE OF ACTION OF ATRAZINE AND 2,47D
Because of the_ great variety of herbicides and the many dif
ferent species of plants for which they are intended, there can be
no_ general theory of herbicidal action.

It is also important to

note that many of the mechanisms bei_ng studied as a mode of action
may only be remotely related to the actual method by which the
lethal ac l:ion o.f a herbicide ls bro_ught about.

Crafts_ gives this

summation:
It seems obvious that a wide variety of bio
chemical reactions are involved in herbicidal
response and more will be forthcoming. Bio
chemists have worked out the details of the
respiration cycles; discover a chemical that
blocks an essential step in these complex
processes and you have a potential herbicide.
Hundreds of plant enzymes are now known. Find
a chemical that interferes with the smooth
function of any of these and you have a
potential herbicide. And in seeking the mode
of action of any herbicide a wide range of
dosage should be employed, one that covers
the· full range of physiological response
includi_ng complete death of the plant (4).
Atrazine
When atrazine is applied to a leaf, it penetrates the cuticle
easily and moves in an acropetal direction only (4).

It is also

readily absorbed by roots but does not affect the roots as readily
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as the leaves.

The triazines affect photosynthesis, and once they

are in the · 1ivi.ng cells, they bri.ng about a rapid cha.nge in metabo
lism.

In the presence of �ight, the photolysis of water and

evolution of oxygen (Hill Reaction) are rapidly blocked (Gysin and
Knusli, 1958, 1960) (1).
2 ,4 ... D

Unlike atrazine, 2, 4-D destroys plants by caus�ng abnormal
plant. growth, which is very similar to death by cancer.

In meri

stems, 2,4-D disturbs the normal differentiation of tissues by
bri.nging about turnerous. gro�th, deterioration of tissues, atypic
forms of o.rgans and death (4).

The 2,4-D is far more active than

the indole auxins, and it persists for a much longer period of time
than the latter.

Altho.ugh many other causes for plant death have

been postulated, this action of 2,4-D seems to be due to an imbalance
of the plant's hormones.
THE ALGAE CULTURE
The a.lgae cultures used were taken directly from Lake
Campbell and maintained in la.rge battery jars (F.ig. 9) .

The pur

pose of the mixed culture was to simulate natural conditions, and
for this same reason, the bacteria were not removed nor was the
growth medium sterilized.

Sterilization is not recommended b�cause

the waste, which may contain toxic organic and other substances,
is found in nature (8).

The existence of any symbiotic dependency

on bacteria in planktonic blue-green algae is not yet known (S).
cultures. grew poorly,
However, it has been shown that various algae
.
.
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or not at all, in anoxic bacteria-free cultures (6).
With the exception of calcium, micronutrients and macro
nutrients for the blue-green algae are basically the same as those
for h_igher_ green plants.

Macronutrients are required in the ra_nge

of 10-2 to 10-4 M; the micronutrients are required in concentrations
less than 10-4 M (8).

Of course, the amounts usually added to a

culture medium may be in excess of the critical concentration.
With this in mind, a medium was used which was especially suited
for blue-greens.

This medium was developed by Gerloff, Fi t_zgerald,

and Skoog (6).
When collected, the cultures contained mostly Aphanizomenon
A,-,.::>"h::io-n..,
and lesser amounts of Micror.�1 �-ti'3, ····-~··-,

capsa, Navicula, Closterium, Melosira and Oocystis.

After six to

seven, days, the cultures were predominately Microcystis, lesser
amounts of Aphanizomenon and Anabaena and traces of the remaini_ng
genera.

This sequence of events is not surprisi_ng since Microcystis

is known to inhibit other algae forms and become the dominant
species (1 3) (14).
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METHODS AND MATERIALS
The �lgae cultures utilized in this work were grown in 125 ml
Erlenmeyer flasks and stoppered with cotton p�ugs.

The pl_ugs were

used to reduce evaporation but did allow free exch�nge o� gases to
occur.

After addition of the nutrient solution, a_ lgae inoculum and

herbicide, the resulting volume in-the flask was 100 ml.

In all

of the various parts of the experiment, 20 ml of inoculum was used
from a battery jar culture for seedi_ng.

At all times, while the

20 ml seedi_ngs were being removed, a �agnetic stirrer!_ w�s used to
maintain a ho�ogeneous mixture.

However, it has been shown that·

the size of inoculum does not influence the yield, the_ growth of
the culture, or the final number of cells obtained if all conditions
remain the same (8).
Additions of atrazine and 2,4-D to the flasks were made from
100 ppm and l ppm stock solutions.

By referri_n g to F_igures 1-8,

the relative concentration of.herbicide in each of the four flasks
can be seen.

It is quite possible that both of these two herbi

cides are_ getting in our streams and lakes because of their heavy
use.
Therefore, one liter of water from Lake Campbell and one
liter of water from a gravel pit were filtered and concentrated to
50 ml each.
flasks.

Then, 10 ml of each were seeded into appropriate

These cultures were pla�ed under the same ·conditions as

those containi_ng Atrazine and 2, 4 -D.
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All of the flasks were placed on a Eberback shaker under ·15002000 foot-candles of fluorescent illumination (�ig. 10).
mental temperature was maintained at 25-30° C.

The environ

The cultures were

exposed to 16-hour periods of shaki_ng and illumination and e_ight
hours of no shaki_n g and darkness.

These conditions are considered

optimum, as has been pointed out by Eberly (5) and Lefevre (8),
The day the flask cultures were seeded was considered day
zero. - Thereafter, £our flasks were removed at 24-hour intervals
and the entire contents of each flask were removed £or pigment
extraction.

Flasks were removed for a period of e_ight to nine days,

or 192-216 hours.
The :r>rocedure for determination of algae population by pigment
analysis was originally devised by Richards and Thompson in 1952
( 15).

It has since been modified by Strickland and Parsons, and

this modification is the method used in this research (17).
Upon removal from the shaker, the contents of each flask were
filtered separately through an acetone soluble 47-mm diameter
Millipore AA filter.

The filter was thoro_ughly drained under

suction, and the excess portion of the unstained filter was trimmed
away with scissors.
fuge tube.

The filter was then placed in a 15 ml centri

Approximately 8 ml of 90% acetone solution was then

added and the contents stoppered and shaken thoro_ughly to dissolve
the filter and b_egin the pigment extraction process.

The tube was

then placed in the refr_igerator in complete darkness for about 20
hours.

Upon removal, the tube was filled to exactly 10 ml and

9
centri�uged for 5-10 minutes.

The supernatant liquid was removed

and placed in 1-cm-path-le_ngth spectrophotometer cells.

The

extinction values were multiplied by 10 to normalize them to the
values expected with a 10.-cm cell.
meter was used for all readi_ngs.

A Beckman DK--2A spectrophoto
Once processed, the contents of

each flask we.re read at 7500, 6650, 6450, 6 3 00 and 4800 angstroms,
The extinction at each wavele_ngth was corrected by subtracti_ng the
7500 .readi_ng from each 0£ the other four readi_ngs.

The followi_ng

equations were then used to determine the chlorophyl 1 and p_igment
content.

All calculations were performed on an Olivetti Underwood

Pr_ogramma 101.
11.6 E0050 - 1.31

- 0.ll.l E$288

Carotenoids = 4. 0 E 4soo
mg p_igment/m 3 = C
V

C = results from above equation
V = volume in liters
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RESULTS
The effect of atrazine, 2,4-D, lake and gravel pit con
centrates, can be seen graphically on Figures 1-8.

It is in

teresting to note that as the growth in the 2,4-D experimental and
control flasks decreased, the medium turned an opaque white and was
somewhat stri_ngy in nature.

After_ a period of 8-9 days, the fil

trate was very viscous and mucoid (Fig. 11).

Upon microscopic

examination, it was found that there was _ a heavy_ growth of the
bacteria Beggiatoa, a representative of the class Schizomycetes.
In many respects, these organisms resemble blue-green algae but ·
differ from them in that they do not produce photosynthetic pigments.

�ome biologists regard them as colorless forffis of blue-

green algae (9).

Beggiatoa did not appear in either the ex

perimental or the control flasks in the later atrazine or lake
water concentrate experiments.
EFFECTS OF 2,4-D
Figure 1 compares the results of various 2,4-D levels.
is relatively little, if any, inhibition at 0. 1 ppm.

There

Inhibition

was greatly increased at 1. 0 ppm as shown by the fact that chlorophyll a production was reduced by more than one-half.

At 10. 0 ppm,

the cultures were severely inhibited and showed no visual signs
of life by the third day of incubation.

Also, it is interesting

to note that during the last two·24-hour periods, the chlorophyll
� production abruptly increased in all four flasks even though

11

there was no apparent growth in the flasks at 1. 0 ppm and 10. 0 ·
ppm concentrations.

The rapid increase of chlorophyll a prod

uction at 192 hours, as shown in Figure 1, could be due to high
extinction values for degradation products in the aging culture,
or possibly due to the sudden population increase of one species.
However, with the limited amount of information available, this can
only be an assumption.

Figure 2 indicates that carotenoid pro

duction is also inhibited at concentrations of 1. 0 and 10. 0 ppm
However, final carotenoid values in the experimental

2,4-D.

cultures are relatively higher in comparison to the control than are
final chlorophyll a concentrations.

EFFECTS

er

ATRAZINE

Figure 3 suggests that 0.1 ppm atrazine may have inhibited
growth.

However, at the concentration of 1. 0 ppm, growth was

obviously retarded.

Inhibition at this concentration of atrazine

was greater than was apparent with the 2,4-D at the same concen
tration.

By visual determination, the flasks at 1. 0 ppm and 10. 0

ppm showed poor growth, if any after a period of 3-4 days.

The

carotenoid production ( Figure 4) also showed obvious inhibition in
the presence of 1 and 10 ppm atrazine, but as was true for the
2,4-D experiments, the carotenoids showed less depletion at the
termination of the experiment -than did chlorophyll �-

When the

results from the atrazine concentrations were apparent, and it was
obvious that atrazine seemed to be more inhibiting than 2, 4 -D at

12

equal concentrations, it was decided to try a second experiment with
atrazine at higher dilutions to see what the effects would be.

As

can be seen by Figure 7 and 8, there is very little effect on the
growth rate at these higher dilutions.
EFFECT OF CONCENTRATES
As shown by Figure 5, the chlorophyll a production was
inhibited in the flasks containing the concentrates, but the water
from the gravel pit caused less inhibition than the water from Lake
Campbell.

However, neither of them caused as much inhibition

as did the 10. 0 ppm 2,4-D or the 1. 0 ppm and 10. 0 ppm atrazine
concentrations.
Figure 6 indicates that carotenoid production was inhlbited
more by the lake water than the gravel pit water, but again as
shown in Figures 2 and 4, the carotenoid production was not in
hibited to the same degree as was the chlorophyll a production.
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Fig. 11.

All four flasks show growth inhibition due to the
presence of 2,4-D. The flask on the right shows the
greatest inhibition. The opaque, stringy mixture of
dead algae and Beggiatoia can be seen ·resting on the
bottorri of this f°lask.
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CONCLUSIONS AND RECOMMENDATIONS

This investigation was for the purpose of determining the
effects of the herbicides 2,4-D and atrazine on the growth rate of
a mixed algae culture which was predominately composed of the blue
green algae Microcystis.

Conclusions which have been drawn from

this work are as follows:
1.

The 2,4-D may inhibit algae growth to a small degree in
concentrations of 0. 1 ppm.

It will cause obvious in

hibition at 1. 0 ppm and.is extremely toxic, showing severe
inhibition at 10. 0 ppm.
')
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extreme inhibition at 1. 0 ppm and 10. 0 ppm concentrations.
3.

Atrazine is more toxic at 1. 0 ppm than is 2,4-D at the
same concentration.

4.

At concentrations less than 0. 1 ppm, atrazine has little
or no inhibitory effect on the algae. growth.

s.

The concentrate from Lake Campbell and the gravel pit did
inhibit the algae growth, but only to a moderate degree and
additional research is needed to separate the inhibitory
component.

6.

The effect of the concentrates indicates the presence of
an inhibitory substance but does not nec�ssarily indicate
that these substances are atrazine and/or 2,4-D.

24

This experimentation has shown that the herbicides atrazine
and 2, 4-D do affect the_ growth rate of a_lgae,

While the basic

problem was solved, many more problems were uncovered and further
work needs to be done in this area.

Further work and study should

be done utilizi_ng unialgal cultures, variation of species present
in the cultures and use of a_ greater variety of concentrations of
the herbicides.

This further study would aid in determin�ng if

these herbicides could act as a growth stimulator as well as a
growth inhibitor.
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